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A formulation of diffusiophoresis and thermophoresis has been developed.
A diaphragm cell has been used to run experiments to study the diffusiophoretic 
and thermophoretlo effects on 0 .19$un polystyrene latex particles. The 
experimental results have shown that they are in excellent agreement with the 
theories presentud for diffusiophoresis of charged particles in electrolyte 
gradients and imply that the methods used were valid. For thermophoresis, 
measurable results were obtained and the particle velocities were reasonable, 
although for the 0.045 and 0.09 grams/liter polystyrene concentrations, the 
particle velocities differed by a factor of two. Agreement with a previous 
empirical equation for a different system was not found.
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INTRODUCTION
Diffuiiophoresis Is the migration of colloid particles such as polystyrene 
resulting from a solute gradient In solution while thermophoresis Is the 
migration of colloid particles resulting from a teaperature gradient*
Diffusiophoresis is comprised of two effects, the ehemiphoretic effect 
and the diffusion potential effect. The chemiphoretlc effect is caused by an 
electrolyte concentration gradient that changes the shape of the double layer 
around a charged particle. The double layer expands cn the lower concentration 
side of the particle and changes the potential difference across the partioles 
If the particle has a constant surface charge density. Consequently, the partioles 
migrate from a region of lower electrolyte concentration to a region of higher 
electrolyte concentration [l,2j*
The diffusion potential effect is caused by the difference between the two 
diffusion coefficients of the ions in an electrolyte pair. An eleotric field 
is set up because ions exert forces on each other to maintain electrical 
neutrality in the solution. The created electric field then acts on the particles 
causing them to migrate electrophoretically *1,3],
The net particle migration is the sum of both the diffusion potential and 
the ehemiphoretic effects* The diffusion potential can either be positive or 
negative due to the sign of the zeta potential and beta which is a function of 
the difference between ionic diffusion coefficients. The ehemiphoretic effect 
is always positive since it is a function of the square of the zeta potential.
Thus, the net migration could be toward higher or lower electrolyte concentration 
depending on the system.
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The purpose of the work done on diffusiophoresis was twofold. First, the
0*
theory was to be compared to experimentally measured values for the diffusion 
coefficients and the diffusiophoretic velocities. The individual effect of the 
diffusion potential and of cheoiphoresis on the diffusion coefficients and 
velocities were also compared. Then, the effect of the electrolyte gradient on 
the cross term diffuslvlty was measured to see If this agreed with theory. This 
extended previous work by Shaelwits and Lechnick (1) which focused on the effect 
of particle concentration at a constant electrolyte concentration.
The theory behind thermophoresis is still being quantified. Farticles, 
however, do migrate touard the lower temperature when a temperature gradient is 
applied to a system. This is due to molecules picking up more momentum when 
they are heated.
The purpose of the work done on thermophorSsis was to determine the 
thermophoretic velocities of the particles at two different particle 
concentrations and to compare them to a published empirical equation which 
comes from the only report of thermophoresis in liquids. This equation is 
not necessarily reliable for all systems being studied.
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BACKGROUND
Early work on diffusiophoresis and on thermophoresis waa dona on gaseous 
systems. Theories for the prediction of diffuaiophoretic velocities and 
thermophoretic velocities were based on the kinetic theory of gases because the 
particle size did not affect the molecular velocities prior to collision* 
Diffusiophoresis in liquid systems was first documented in 1961 [<A] • It was 
used to explain the deposition of rubber latex on a solid membrane from which 
a salt was diffusing [5], Thermopnoresis of liquids was first reported in 
1972 1*6) • Thermophoresis was thought to have an application to undesirable 
fouling in heat exchangers•
Recent work on diffusiophoresis in liquids has involved electrolyte and 
charged particles in solution. The work by Prieve and Smith [7] that showed the 
deposition of charged latex particles on steel coupons improves by applying an 
electrolyte concentration gradient at the surface of the coupon illustrated that 
diffusiophoresis does exist. Some work was done by Derjaguin fsj using 
microscopy techniques but some difficulties with convection were found*
Recent work on thermophoresis of liquids has given some empirical equations 
for the thermophoretic velocities but may only be good for specific experimental 
systems i.6) *
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THEORY
A. Ternary Diffusion Effect on Diffuelspheresie
Ternary diffusion is the migration of t partible in * 
concentration gradient of another solute sp#e!#n. It ^ ref |e*U/ «•
This theory is derived from irreversible th#ra»,*tynam'!ce,
Naming the particle as component 1 and the electrolyte ** *a*pmmi* ** l* 
can be seen that from the ternary flux *qua* ions show here.
the diffusion coefficient relates the flux of the partial* te tN* eieetfaiiftm 
gradient. Notice that diffusiophoresis is defined as an electrolyte #*•***** 
causing the migration of particles* It then follow that 8 ^  actually ^  * 
representation of the diffuslophoretic effect*
B. Diffuslophoretic Particle Flux and Or os a Term Dlffusivity, 0 ^
To evaluate the results of this work* a comparison between the theoreileal 
and experimental particle velocitea iu required. Hy means of the ternary f l m  
equations and the flux equation which relates the particle velocity to the 
particle concentration, * c^v^* the total aigration velocity of the particles
can be determined from:
diffusiophoresis is a ternary diffusion »ffe*? *‘r » i «rv1 * eefynt | • •> ' e *
*i| " O n * !  * DlA^2 
-ij * D2iTS*1 * 022®2
it#}
Ufcl
( 2 )
i
5f ■ ; * -«i * * i ty is the sum the diffusion potential
f r« m  t *>j - t t y  express! or is need to be derived for each.
' n fri#i -n $•■ * «n* it I derived by Lin and Prieve f 51 * cast 
f * ?*t w!»* end Lechnlck ft , is Ids for an electrolyte
*"■**»>* in ar ^ > ,frlc field with negligible convection. The
1 <
r kn*S; (3)
* / % * i t •• # • •
U )
** «•'* % f r d ! in ‘« systems with no convection, the diffusion
# >
in*
Q £L
I,***
il^Tna2 (5)
predict* that there la no particle dependence on the diffusion
, * «*n 11 % l ■#*?,. I* J .
" r**» i « velocity has been derived analytically by Anderson r2'
* %*.=• n* ;«* ?• take* equation for the case of fluid elements inside s
f I* i a.i» , v * r w:*t .jyaaetrlc electrolytes and small zeta potentials (less than
r 5* f 1 ty was determined to be
(6)
’hd- that V;i» m|ii*il:jn also predict,; ♦hat the velocity is not. a function of
I a r 1 h* I« ' * ret i-.m.
6The net diffusiophoretic velocity from equations (5) and (6) is
£
v x — I
-D inn h ' l s
in: (7)
By substitution of equation (2) with equation (7), the net cross tern diffuaivity
which Includes both effects yields:
D
12
- c ^
Z?KT
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(8)
The appearance of the negative sign in this equation is due to the direction of 
the flux. Theory predicts then that is proportional to the partiole 
concentration and Inversely proportional to the electrolyte concentration. As 
a result, the experimental particle velocities or the D ^ values can be coapared 
directly with the theoretical values to verify the theory just presented.
C. Procedure for the Analysis of Diffusiophoresis Data
The analysis of ternary diffusion in the diaphragn oell can be derived 
from the continuity equation combined with a general form of Fick*s law that 
assumes that the average volume velocity in the diaphragm cell is zero, that 
there is no accumulation cf material in the frit (pseudo steady state), and that 
the diffusion coefficients are Independent of concentration. By solving the 
resulting two coupled differential equations and defining a combined concentration 
variable, the concentration profiles are found subject to the boundary conditions 
similar to that for a binary cese. The actual concentration profiles turn out
to be:
7A c
'(D-n * * 2 )(Ac1o ) + D12 (^ fi20) 1
1f *1 ’ *2
j ©xp(-^t)
+ !
tiI»
* 1 ^ c1o  ^ * D12t&c?o )
9 . 9
1 2
e x p f - ^ t ) (9)
and
(D
^c 22 ~ * 2
2f
)fec0 ) + n91(Ac1 )2o 21 in
*  - ^
exp(-£«fj t )
{IV2 - » i )(&C2q ) ♦ D21(&01o)
*1 •  r 2
exp(-^cr^t) (10)
where the paeudo binary coefficients and cfj of form
- *(0,, ♦ d22 ♦
K
(11)
« i(Dn  + D22 A “n * °22)Z + AD12D21) . (12)
For a detailed discussion of this, see Cussler [10] •
Since the diaphragm cell data obviously can not be calculated explicitly, 
a pattern search computer program was written by Lechnick |11] and was based on 
the approach of Hooke-Jeeves ri£j to determine the diffusivities. This search 
begins by gueasing the diffusivities and to be equal to their binary 
diffusivities, to be equal to aero, and D to ®qual to a value 
determined from
D
12 (13)
Theoretical concentration differences are calculated from equations (9) and
(10).
ft
As a result of minimizing the residual, R, ternary diffusion coefficients 
were found by trying to fit the experimental data to the four theoretical 
diffusion coefficients calculated, R is similar to the variance and is of the 
form:
2 l
expt, comp,
 ^( A c ^ U x p t . ) -Ac^,(theo,))' (U)
For further discussion of this method, see Lechnick and Shaeiwitz (13? •
D, Thermophoretic Particle Flux and the Thermophoretic Velocity
The formulation of a flux equation for thermophoresis is straight forward. 
Theoretically, the flux equation when a constant temperature gradient and a 
pressure flux is Introduced on to the system is given by:
J ■D1l3x1 ‘ T
rfT
5T ♦ J, (15)
Assuming k is not a funotion of T, a thermophoretio flu* k' la used. 
Integrating this equation yieldss
J1 - D11i3&o1 - flk'AT + Bi 1 . (16)
and setting Bjl » from the definition of Q and the flux gives a result 
ofi
- /3kfcT ♦ 3jpl . (17)
Solving this first order differential equation determined the final concentration 
differences were equal to:
dc
1f
k'dT -
J*1 / D.J/t (e 11
11
\ a 4 Bt>-i) + ^ c 10 11 (18)
This derivation is given in more detail In Appendix One.
9Since j * c1v1 and jl * k*£T - J 1, the thermophoretic velocity of the 
particles, when the term k*AT is determined previously, is given by*
V a
th
k *ar
c ^ (19)
This theoretical thermophoretic velocity can be compared to the thermophoretic 
velocity published by McNab and Meisen (6] which was formulated specifically 
for their apparatus and system. It is based on the particle and liquid properties 
at the system temperature and is given by:
This equation does not necessarily apply to the experimental data taken for 
this work but will be compared anyhow to observe any relationships that may arise.
E. Procedure for the Analysis of Thermophoresis Data
A computer program was written to minimize the variance of the theoretical 
final concentrations of polystyrene to the exp v ental final concentrations of 
polystyrene. The flux was varied until the variance was minimised while keeping 
the diffusion coefficient constant. At this minimum variance, the flux due 
to thermophoresis was determined. The variance is
0 2 s i*1 (A^(theo.) - (expt.))2 (21)
where Ac^(theo) is determined from equation (18),
EXPERIMENTAL
A. Materials
Monodisperse polystyrene latex particles (Dow Diagnostics) of 0,198jym 
diameter each were in an aqueous solution of 10 weight t solids. Calcium chloride 
and magnesium acetate (Fisher Scientific Co#), magnesium chloride (Mallinckrodt), 
potatisium chloride (E.K, Industries) and sodium dodecyl sulfate which is an 
anti-coagulant (B.D.H. Chemicals Ltd.) were laboratory grade, Deionized water was 
used as the solvent. The polystyrene concentrations were determined using an 
HF Instruments 200D Turbidimeter and the electrolyte concentrations were determined 
by titration with EDTA (Sigma Chemical Co,) and Indicator Black T (Fisher). The 
potassium chloride concentrations for the cell calibration were determined using 
a Phoenix Precision Instruments Model BP-2000-V Differential Refractometer.
B. Apparatus
The diaphragm cell shown in Figure 1 wa ^ used for both ternary diffusion 
experiments. It consisted of two glass compartments (~50 ml), which were jacketed 
for temperature control, separated by a polycarbonate base filter (Nucleopore),
The filter is 6/wro thick and has pores between 10 and 20jum In diameter. The 
filter was chosen because the pores are non-tortuous and allow only diffusion 
processes to occur, because the thin membrane allows rapid particle concentration 
changes, and because the polycarbonate base is nonreactive.
The filter is held in place between two teflon rectangular blocks with a 
circular position taken out of each one equal to the filter membrane cross seotion. 
The base of the glass compartments is sealed to each block over the membrane. A 
teflon strip is placed between the blocks above the membrane and pulled in or 
out to allow or prevent diffusion between the compartments to occur.
10
11
Figure 1s The diaphragm cell apparatus [id).
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Both upper and lower compartments are stirred at m o  rpm using 50 hp
motors (Bodine Electric Co,). Each stirre’” was coated with silicone rubber to 
eliminate the possibility of leaching into the system. The lover compartment was
were placed strategically to prevent leaking between the stirrer and the adapter 
and the adapter and the lower compartment. The upper compartment was left open 
Uc* i + moaphere.
C, . Calibration
Each cell needed to be calibrated to determine its cell constant, A/l*
For this purpose, an isothermal binary system of KCL and water was used because 
this system has a known diffusivity of approximately 1.85 x 10 cm /s at 25°C [14J . 
Frum Fick,;i Uw, the flux across the cell membrane assuming pseudo steady state and 
'* linear ■•oncentnMon profile within the membrane is j * From an
overall mao, balance on the solutions in each compartment and the flux across 
the membrane,
where A** Is the concentration in the upper cell minus the concentration in the 
lower cell Solving this differential equation give®,
By measuring the initial and final concentrations of both cell compartments, 
the volumes of the cell compartments, and the length of time of the experiment,
A/l is determined for the cell. An average value for A/l is usually about 150 cm. 
Sample calculations for the determination of A/l are given in Appendix Two.
sealed with an inlet adapter (Kontea Scientific Co.) and o*Htigs (Ace Glass Co.)
( 22)
(23)
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T. Proeedmv for Taking Data to Determine Diffusivitlea of CaCl2 and
The average concentrations of the two diaphragm cell compartments studied were
_ ^
0,09 grams/liter polystyrene with 1.2$ x 10 M CaCl2 for one set of data and 
0,09 grams/liter polystyrene with 1.20 * 10~? M for the other set of
lata. Each compartment also contained0.22 grams/liter SDS to prevent coagulation. 
Two 4‘ypes of experiments were done* In the first type, there was initially no 
polystyrene gradient i uf ther^ was a fairly largfj electrolyte gradient. These 
rur.s lasted from one tu two hours. In the second type, there intially was no 
electrolyte gradient but there was a polystyrene gradient equivalent to 4 - 8 £ of 
the average polystyrene concentration. These runs lasted from three to five hours* 
All the experiments were run at 3C°C«
The solutions for the experimental runs were prepared volumetrically from 
stock solutions of polystyrene, electrolyte, and SDS. The polystyrene stock 
solution was stored a few days so most of the coagulation would occur before the 
experiments were run* After the upper and lower portions of the cell were filled 
with the experimental solutions with the nigher concentration solution in the 
lower compartment, the teflon separator was pulled out so only the membrane 
separated the two solutions. For the diaphragm cell to reach pseudo steady state, 
one minute was allowed and at this time, t * 0 for the experiment was recorded and 
the initial concentrations of the polystyrene and electrolyte out of the upper 
cell were determined. At the end of the run, the teflon separator was pulled back 
in to cover the membrane and prevent further diffusion from occuring. Then the 
final concentrations of the polystyrene and electrolyte and the volumes from both 
cell compartments were determined.
The electrolyte concentrations were determined by titration with standardized 
EDTA and the polystyrene concentrations were determined by a HF Instruments 
200D Turbidimeter. Assuming the volume of the electrolyte and polystyrene in the
ceil membrane was negligible compared to the volume in the cell compartments, 
a ma3s balance was done to determine the initial concentrations of the 
electrolyte and polystyrene in the lower compartment.
U
E, Procedure for Taking Data to Determine the Diffuslophoretic Effect as a
Function of Electrolyte Concentration Gradient
'he average concentration of the two diaphragm cell compartments studied
-3
wore 0,12 grams/liter polystyrene with 1.25 x 10 M MgCl^ for one set of data and
-3
0,12 grams/liter polystyrene with 1.75 x 10 M MgClg for the other set of data.
Both compartments also contained 0.22 grams/liter SDS for both sets of data. Two
types of experimental runs were done. The first type of runs had no initial
polystyrene gradient but had an electrolyte gradient which varied from an initial
concentration difference of 2,5 x 10"^ M to 5 x 10 ^ M for the 1,25 x 10"^ H MgCl^
• 3 «./
and varied from an initial concentration difference of 1,5 x 10 H to 5 x 10 M 
for the 1,75 x 10"^ M MgClg. These runs lasted from 25 to 55 minutes er.ch.
The second type of runs had no electrolyte gradient but had a polystyrene 
gradient equal to 4 - 8 t of the average polystyrene concentration. These runs 
lasted from three to five hours. All the experiments were run at 30°C,
The solutions were prepared as previously discussed with the higher 
concentration solution in tne lower compartment of the cell to prevent any 
convection from occurring. The initial final concentrations were determined as 
before•
F. Procedure for Taking Thermophoresis Data
The average concentration of the two diaphragm cell compartments studied 
were 0,09 grams/liter polystyrene for one set of data and 0,045 grams/liter 
polystyrene for the other set of data. SDS at 0.22 grams/liter was also added
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to each compartment* Three types of experimental runs were done. The first 
tvp' of runs had no initial polystyrene gradient but had a constant temperature 
gradient throughout the experiment. The temperature gradient was produced by 
hooking up each compartment to a water bath. The two water baths used for these 
experiments were at 30°C and at 40°C. The lower compartment was kept at 40°C 
for these runs. The second type of runs had no initial polystyrene gradient and 
no temperature gradient. Both upper and lower compartments were kept at 30°C. 
These runs were taken since a flux u .e to a pressure difference in the compart­
ments alone was suspected. Both these types of runs lasted ten to twelve hours,
’"he third type of runs had an initial polystyrene concentration difference of 
6 - 3 % of the average polystyrene concentration and had no temperature gradient. 
These runs were done to determine a realistic D,| ^ value and lasted from three to
five hours. In this case, the lower compartment had the higher concentration of
polystyrene to prevent convection from occurring.
The solutions were prepared from stock solutions as previously discussed and 
the initial and final concentrations of polystyrene were determined using the 
turbidimeter as before.
RESULTS AND DISCUSSION
A. Diffusivity as a Function of Electrolyte Concentration
The four ternary diffusion coefficients determined experimentally for * 1 
electrolytes studied, FaCl0 and M g a r e  shown in Table I. The pattern 
search computer program was used for the final analysis* 'Hie data that was 
actually taken was the 0*09 grams/liter polystyrene while the 0*06 and 
(\12 grams/liter polystyrene data are from Lechniok [ll] » which is included for 
comparison. The 0.09 grams/liter raw data is given in Appendix Three.
The 3 values for both electrolytes, calculated from Equation (A)# are given 
in Table I. The ionic diffusion coefficients used to determine 3 are listed in 
fable II. The cross term diffusivity, D^» is also given in Table I as a function
of the polystyrene concentration. This can be done because theoretically
0
0^^ - (a/Tf ♦ b*7 )c,| where everything in the parenthesis is a constant. The 
binary coefficients of CaC^ and are ineluc*e(* in Table I for
comparison purposes and are calculated from = (z^ - )D^D_ / (2^ -  z_D_).
The diffusiophoretie ve^cities shown in Table III were calculated just from the 
data with a large electrolyte concentration gradient. The negative values 
and the negative diffusiophoretie velocities Hated in the tables demonstrate 
that the particles migrate toward a region of higher electrolyte concentration.
In agreement with the theory# the values increased with particle 
concentration and the predicted linear relationship between *nd 0  ^ for UaCl^ 
was followed very well. It should be noted that the theory was derived for 1:1 
electrolytes but apparently holds fairly well for ?i1 electrolytes. It would be 
expected that the experimentally determined P^p values be close to their binary 
diffusion coefficients. They are close and thus in good agreement. However, in 
the enso of the values, agreement with the Stokes-Einstein theory is not as 
good as was hoped for. The experimental values were two orders of magnitude too
16
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Table i:
Ternary Diffusi >n Coefficient3 for 
0.1 . cr^n Polystyrene - 1.25 x 10** M Electrolyte - Water
System at T0°C
1 ^ 4
Electrolyte
•'o 1 v t  •»
jncent-rat ion
grams
liter
D 11
x10'
2cm
8
i 2 
x i r
cia^ ff PS
D?i
x10C
2
cn aol.elect.
D-«22
x105
2
a
jmol.s elect. g.s PS
OaCl2 0.06 .51 -8.0 0.01 1.59
0.09 ♦ 55 -8.5 0,00 1.25
0.12 .40 -11.1 -0.01 • VJ
> OO
Mg(o~H«%00 )0 0.09 .56 -5.3 0,00 1.31
^CaClj = -0.343 
D1? * (-9.48 x 10‘Oc,
Binary Diffusion Coefficient CaClg • 1*52 x 10 ^
5Ma(C2H302)2 « -0.1 S3 
D12 * (-5.88 X 10-4)^
Binary Diffusion Coefficient Mg (^^3^2^2 =  ^ x ^  ^
Table II
Ionic Diffusion Coefficients at 30°C
Ion D1 x 10' cin /sec
% .8016
•* ++i a .8988
o r 2.306
C2H 3°?" 1.236
Table Ills
— -------- ------------
Diffusiophoretic Velocity From
Polystyrene
°12 VD
concentration x105 x103
Electrolyte
grams
liter
- g«2« P«
mol,a elect.
cm
8
CaCl2 0.06 -6.0 -2,44
0,09 -8,5 •2.33
0,12 -11,1 -2.29
Mg(c2H3°2)? 0,09 -5,29 -1.40
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high. The reason behind this disagreement is discussed elsewhere ',1| •
was experimentally determined to be very small and had little effect on the
system,
B. Diffusiophoretic Effect as a Function of Electrolyte Concentration Gradient
The raw data taken for MgCl^ at an average electrolyte concentration of 
-3 -3
1,2* x 10 M and 1,75 x 10 M is listed in Appendix Four, The cross term 
diffusivity, determined experimentally, is given as a function of the 
Initial electrolyte concentration difference between the upper and lower cell 
cor lartraents in Table IV,
There seems to be a trend for the first set of data in that decreases 
as the initial electrolyte concentration difference between the cell increases. 
The second set of data does not seem to have a trend at all. Lechnick explains
these results in more detail Jill ,
C, The Thermophoretic Velocity as a Function of Polystyrene Concentration
The raw data for the 0.045 grams/liter polystyrene and the 0,09 grams/liter 
polystyrene runs with a pressure gradient alone and with a temperature gradient 
and a pressure gradient are listed in Appendix Five.
By using the computer program listed in Appendix Six to find the best value 
for each flux, the thermophoretic flux can be found by subtracting the flux of 
the temperature and pressure gradient from the flux of the pressure gradient 
alone. These results are listed in Table V. Converting these temperature 
fluxes to thermophoretic velocities by equation ,(19) where 1 is the thickness 
of the cell membrane gives for the 0.045 grams/liter polystyrene,
v = 3,0 x 1Q-10 gran./lQQOoin.. flee
th .045g/l(U/10C0cm? )(6 x 10’* ora)
= 1 .111 x 10*5 o b /b
20
Table Wi
vs. Initial Concentration Difference of MgCl^
-~T
1.25 x 10*? M Ave. MgCl^ Cone.
'xC
0 0,2 '• '°5
M
in cell
PS
mol«s elect
.5 x 10*3 -17.8
1.0 x 10‘3 -15.1
1.5 x 10'3 -12.5
2.0 x 10-3 -13.6
2.5 x 10"3 -13.1
1.75 x 10*3 M Ave. MgCl2 Cone.
Ao„ D._ x 1050 12
!1 „ cl,2g ti?___
in cell mol.a elect.
.5 x 10*3 -13.8
1.0 x
1O
-15.0
1.5 x 10 3 -U.8
a.
and for the 0.09 grams/liter polystyrene,
21
•Q
V = 1.2 x 10 7 grams/1000cm. sec
th .09g/l(1l/1000eni3)(6 x 10"1 cm)
* 2*222 x 10*5 cns/s.
The thermophoretic velocities are supposed to be equal but they differ by 
a factor of two. Obviously, more data points need to be taken to get better 
statistical data. Also, there might be another reason why the velocities are not 
equal and that may be due to the difference in the solution viscosities.
The empirical value of the thermophoretic velocity as determined by 
McNab and Meisen [b] using equation (20) is v ^  * £.656 x 10 cm/s. The 
reason why this velocity is so much higher than the experimental values is 
because equation (20) is meant to be used with their apparatus. It is not 
specific for the diaphragm cell.
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Table Vs
Thermophoretic Flux X Frit Thickness 
vs, Polystyrene Concentration
Thermophoretic and Pressure Thermophoretic
Polystyrene pressure flux x flux x frit flux x frit
concentration frit thickness x 10^
9
thickness x 10
<
thickness x 10
strains grams a rm s
liter 1000 cm sec 1000 cm sec 1000 cm e c
0.04*5 4.0 3.7 0.3
4.00.09 5.2 1.2
CONCLUSIONS
The ternary diffusion formulation for diffusiophoreais has been verified 
fcr CaCl, and Mg(C0H ^0^)2 in water by the cross term iiffusivities calculated 
for the diaphragm cell system. The D12 values have bean shovn to be directly 
proportional to the particle concentration and the othsr iiffusivities were as 
expected. Therefore, the symmetric electrolyte theory, derived in the literature, 
seems to be reasonable for estimating these diffusivities for 2:1 electrolytes.
The diffusiophoretic effect for varying electrolyte concentration gradients 
was observed and an overall trend was not found,
The velocities calculated for thermophoresis were on the same order of 
magnitude for both the o,CU*» and the 0,09 grama/liter polystyrene. However, 
more data needs to be taken since the thermophcretic velocitea were not equal 
as was expected, Thus, the results of th;s study are i noonciusive, The 
veli'c 1 tie cal 'u s'iteu from th^ lata were not in a greener,t with the velociti.ec 
calculated from the- empirical equation presented and is explained by realizing 
that this equation is not applicable to the diaphragm ce1!.
- MEN C LA I >r
A Area of memorane
c Tonoenr.rati- *n
D Diffuaivitv
D^j Ternary diffusivity relating flux i to gradient j 
J,j Flux
K Boltzroan eonstant
k Thermal conductIvi^y
k' Thermophoretic constant
1 Frit thickness
N Molar flux
R Residual
T Temperature
v Velocity
V Volume
z Valence number
B Defined 1 equation {A)
€ Dielectric constant
* Seta potential
p Density
<r Pseudo binary diffusion coefficient 
2tr Variance
Subscripts and Superscripts
1 Particle (solute 1)
2 Electrolyte (solute 2)
c Them phora tie
P Diffusiophoretic
24
OF Diffusion potential
25
n Pressure flux
0 In itia l
f final
u Upper cell compartment
1 Lower cell compartment
__ Underline refers to vector
f , - V-n in electrolyte pair
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APPENDIX ONE
Derivation of the Thermophoretic Flux Equation
i * -D. $ 4  -  | Q  t J
J 11 dx T dx Jp
j a - k + j because k i3 not a function of TJ IV/x dx ‘'p
j l  a -Du .\51 - k'.\T 4 j pl
d t = -D -  £k'AT + /ij 1 where j l  -  8
o &a
d t
a
oLAc.
3t + + f  = n
A at f  „ at ,Ae.e ® \-fe + c
* at « f  at ,k .e  a -*• e + c 1 a
at t - 0, Ac. = —  + c , c : Ac- + £1o a 1o a
. at *f at , f  x A 
Ac1re * e + r * Ac.ii  a a 1 o
Ac e*D1 1 ^  JP ^  I J.P^ %
:sc1f8 D J  6 D
Bt:XT
'  Ac1o " 0
Ac
I f -Dn^t , 1 ’-Dn^t 1
^  * AC® * n e “ n
Ac
j l+Ak'ST 
' P
In
11 r| j ltJk*AT
Ae
Xn{. i i l , Art)* D-.^t ■ ln(n - n
‘jplt5kY;r 11 ~ n  wp
-Dn^t ^
0 + j W/ST
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APPENDIX TWn
'nniple Calculations for the Determination 
of the Cell Const* t A '1
Measurements taker; for the cell calibration:
Volume of upper compartment, Vu * 34 ml 
Volume of lower compartment, V* = 5? ml
Initial concentration of uppe" compartment, cQ * 3#003 grams/liter KC1 
Final concentration of upper compartment., ci = 7,005 grams/liter KC1
Final concentration of lower compartment, c^ * 31.984 grams/liter KOI
length of run = 1/2 hour
Initial concentration of lower comportment was done by a mass 
balance. (The final concentration of the lower compartment was measured 
at the end of the run.)
i \/u i
c1 * (ci - cu ) V  t ci * 34.60 grams/liter KC1 
o f o ,,1 f
So the initial and final concentration differences of the cell 
compartments can now be calculated.
Ac * c1 - cu * 34.60 - 3.003 * 31.60 grams/liter KC1 
0 0 0
■*cf - c* • « 31.984 - 7.005 - 24.979 gra.a/llt.r KC1
Solving for B from equation (23) yields A/l
8 « In ^ 2 .  /|Dt| » In /(2.09 x 10-5 x 180o)
- 6.250 1/cn2
A/l A
( - 1 * 4 )
VU V1
6.250
(!_ + L.)
'34 52'
* 128.5 cm.
Many runs were done in succession to determine the best A/l cell 
constant.
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APPENDIX THREE
Table VI: Diapr raga Cell Raw Data For The System 0.09 95*®*
Per Liter 0.198 Micron Polystyrene-1.25 X 10 H 
GaC ^-Water At A Temperature Of 30 Degrees C*
In it ia l  Coapartaent Final Coapartaent Cell Constant
Cone. Differences Cone. Differences X Tiae
Polystyrene C.C1, Polystyrene CaCi2 X 10"H S.O.
(X 1000 (X 1000 (X 1000 (X 1000
Grains/Li ter) Molarity) Graas/Liter) Molarity)
-11.20 0.050 -5.05 0.015 8.203
-14.96 0.055 -4.78 -0.014 8.883
-10.02 0.060 -8.28 -0.058 8.018
-8.46 0.116 -8.09 0.029 9.311
-8.06 0.045 -7.47 0 7.899
-8.24 0.19* -5.85 0.014 10.866
-10.00 0.001 -6.11 -0.04J 8.018
-9.55 -0.050 -6.51 0.014 7.11*
-9.87 0 -5*76 0 8.883
-10.09 0.0*5 -5.44 0 7.899
-9.86 0.0.5 -6.49 0 7.429
-9.45 0.037 -4.81 0.014 8.883
-11.02 -0.01* -8.75 -0.014 8.015
-9.83 0.016 -8.26 -0.029 6.869
-10*98 -0.006 -6.96 -0.04j 9.009
0 -1.71* -3.27 -0.865 4.103
0 -1.*60 -3.77 -0.879 3.2*7
0 -1.603 -5.40 -1.095 3.155
0 -1.75* -6.33 -1.109 3.871
0 -2.012 -5.13 -1.140 3.896
0 -1.772 -3.87 -1.170 3.896
0 -1.633 -4.31 -1.060 3.847
0 -1.896 —2.56 -1.095 4.986
0 -2.373 -4.67 -1.540 3.766
0 -2.15* —3* 66 •1.296 3.922
0 -2.103 —4.41 -1.095 5.195
0 -1.666 -2.30 -1.110 3.871
0 -1.765 —6.18 -1.095 3.871
0 -1.78* -5.09 -1.023 3.896
0 -1.8*1 -4.21 -1.195 3.011
0 -1.7*7 -5.38 -1.120 3.871
0 -1.958 -6.86 -1.023 3.161
30
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able VII: Diaphragm Call Raw Data For The System 0.09 Grams Per
Liter 0.196 Micron Polystyrene-1.2$ X 10"* M Magnesium 
Acetate-Water At A Temperature Of 39 Degrees C»
Initial Compartment Pinal Compartment Cell Constant
Cone. Differences Cone. Differences X Time
Polystyrene Magnesium Polystyrene Magnesium X 10"11 Sec./Cm.2
Acetate Acetate
(X 1000 (X 1000 (X 1000 (X 1000
ams/Liter) Molarity) Qrams/Liter) Molarity)
-6.73 -0.041 -6.75 -0.014 8.129
-9.15 -0.029 -6.18 -0.029 7.111
-9.10 -0.029 -5.03 -0.029 8.951
-11.89 0.040 -8.96 0.040 8.191
-11.29 -0.020 -7.42 0.029 6.726
-12.26 0.046 -5.87 0.014 8.883
-10.30 -0.010 -8.06 -0.014 7.891
-1C.11 -0.014 -7.74 -0.014 6.826
-10.92 -0.029 -5.21 -0.029 8.951
0 -1.701 -3.61 -1.095 3.513
0 -1.840 -2.85 —0.865 J.871
0 -1.760 •4.37 -1.066 3.871
0 -1.730 -2.78 -1.080 3**96
0 -1.700 -2.94 -1.odo 3.971
0 -1.880 -2.06 -1.051 2.598
0 -1.910 -2.19 -1.0|7 3.696
0 -1.811 -3.56 -1.090 3.923
0 -1.770 -2.32 -1.254 1.896
0 -1.789 -1.75 -1.095 3.896
0 •1.808 -J.40 -0.951 3.932
0 •1■869 -4.50 -1.210 3.938
0 -1.632 -1.27 -1.090 3.896
0 -1.759 -2.71 -1.037 3.898
0 -1.889 -1.43 -1.181 3.997
0 -1.769 -2.16 -1.120 3.671
0 •1.916 -2.51 -1.210 3.722
0 -1.789 -1.20 -1.091 3.896
0 -1.5J0 -1.23 -1.010 2.561
0 -1.916 -0.90 -1.210 3.815
0 •1.819 -0.06 -1.120 3.765
0 -1.950 •3.22 -0.907 3.785
0 -1.691 -3.^3 -0.936 9.160
A P^ENDTX ran
Table V III: Diaphragm Cell Raw Data For The System 0*12 Grams 
Per Liter 0.198 Micron Polystyrene-1.25 X u f *  M 
MgCl^-Water At A Temperature Of 30 Degrees C.
In it ia l  Compartment fin a l Compartment Cell Constant
Cono. Differences Cone. Differences * * iBt
Polystyrene M«C1, Polystyrene MgCl, * 10'“ 3eo./C*.2
(X 1000 (X 1000 (X 1000 (X 1000
Oraos/Llter) Molarity) Grams/Litar) Molarity)
9.33 -0.004 3.93 -0.004
4.67 0.016 3.00 •0.003
4.67 -0.032 3.33 -0.023
-4.67 -0.015 -2.93 0.003
4.67 -0.021 3.06 0.010
4.67 0.000 3*04 0.011
4.67 0.020 3.25 0.007
4.67 -0.040 2.23 0
4.67 -0.051 3.45 0.027
4.67 -0.020 2.43 0.010
4.67 0.043 4.06 -0.010
4.67 0.000 3.45 -0.011
4.67 -0.008 2.84 -0.008
4.67 0.008 3.25 -0.020
4.67 0.030 2.64 0.023
4.80 0.016 3.68 0.016
4.80 -0.001 5.02 -0.001
4.81 0.091 3.81 -0.010
4.81 •0.000 2.66 0.031
4.81 -0.050 4.81 0.016
0 2.386 3.07 2.084
0 2.391 3.58 2.080
0 2.385 4.92 2.069
0 2.376 3.58 2.080
0 2.361 3.27 2.111
0 2.378 3.27 2.092
0 2.331 2.66 2.080
0 2.378 2.25 2.131
0 2.401 2.36 2.136
11.821 
15.078 
15.259 
12.896 
8.600 
10.081 
9.041 
11.122 
10.924 
11.814 
10.67'« 
11.871 
10.667 
14.779 
14.240 
11.854 
10.402 
12.219 
12.153 
9.148 
1.027 
1.141 
0.991 
1.030 
0.981 
1.061 
0.985 
0.991 
0.990
32
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Table VIII j Continued.
Initial Compartment 
Cone• Differences
Polystyrene MgCl2
(X 1000 (X 1000 
Grama/Liter) Molarity)
0 2.460
0 2.391
0 2.420
0 -2.401
0 -2.397
0 -2.400
0 -2.431
0 -2.391
0 -2.682
0 -2.373
0 -2.289
0 -2.280
0 -2.420
0 -2.411
0 -2.357
0 -2.370
0 -2.451
0 -2.441
0 1.991
0 2.110
0 1.978
0 1.95®
0 1.933
0 1.926
0 1.876
0 1.880
0 1.970
0 2.001
0 1.965
0 — 1.839
0 -1.92*
0 -2.090
Pinal Compartment Cell Constant 
Cone* Differences X Time
Polystyrene MgCl2 * Seo./Oa.2 
(X 1000 (X 1000 
Grams/Liter) Molarity)
3.48
3.98
3.79
-5.20
-1.55
-3.03
-2.07
0.03
-2.05
-2.55
1.20
-1.32
-4.30
-3.24
-5.48
-5.43
-2.59
-3.76
3.73
3.64
2.87
3.69
3.89
2.36
3.08
3.38
1.95
2.15
2.66
-1.94
-2.43
-2.67
2.180 
2.132 
2.117 
-1.959 
-2.070 
-1.990 
-2.070 
-1.930 
- 1.988 
-2.017 
-1.771 
* 1<902 
-2.060 
-1.9*5 
-2.051 
-1.930 
-1.990 
-2.060 
1.661 
1.68* 
1.721 
1.683 
1.658
1.656 
1.631 
1.660
1.656 
1.633 
1.590
-1.4*1
-1.469
-1.469
0. ’79 
1.042 
1.116 
1.000 
1.23* 
0.990 
0.954 
1.23* 
0.954 
0.95* 
1.209 
0.954 
0.954 
1.234 
0.954 
0.9*2 
1.23* 
0.851 
1.266 
1.077 
1.106 
1.103 
1.140 
1.120 
1.009 
0.969 
0.991 
1.359 
1.107 
1.327 
1.702 
1.336
uTable VIII: Continued.
Initial Compartment Final Compartment Cell Constant
Cone. Differences Cone. Differences X Time
Polystyr.n* MgCl, Polystyr.n. MgCl, X 10" Sao./Oa.
(X 1000 (X 1000 (X 1000 (X 1000
G r ui/UUp) Molarity) Q r w / U t a r )  Molarity)
0 -2.122
0 - 1.990
0 - 1.900
0 -1.93"
0 -1.904
0 -1.93'
0 - 1.960
0 - 1.986
0 -1.860
0 - 1.951
0 -t.950
0 -1.891
0 1.471
0 1.467
0 1.480
0 1.455
0 1.441
0 1.430
0 1.484
0 1.457
0 1.468
0 1.493
0 1.491
0 1.461
0 - 1.450
0 -1.429
0 -1.446
0 -1.451
0 -1.515
0 -1.J81
0 -1.420
0 -1.679
-1.41 - 1.498
-2.74 - 1.531
-1.10 - 1.498
-3.78 -1.556
-3.10 -1.397
-3.74 -1.484
-3.07 -1.455
-5.67 -1.556
*J« 72 -1.484
-8.13 -1.570
-2,99 -1.426
-4.43 -1.556
4,15 1.111
2.77 1.191
3.48 1.213
0.72 1.219
2.77 1.220
3.38 1.228
2.36 1.210
2.93 1.243
2.97 1.241
3.36 1.179
2.77 1.152
2.05 1.135
0.03 -1.161
-0.01 -1.091
-3*35 -1.181
-2.40 -1.091
-1.02 -1.010
-1.76 -1.066
-4.38 -0.991
-2.3** -1.091
1.120
1.727 
1.527 
1*336
1.727 
1.336 
1.715 
1.273 
1.319
1.299 
1.673
1.299 
1.284 
1.431 
1.450 
1 r 418 
1.385
1.487 
1.370 
1.264 
1.127 
1.270
1.719
1.487
1.720
2.221 
1.756 
1.707
2.221
1.722
1.720
2.221
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T ab le  VIIIs Continued*
Initial Compartment 
Cone• Differences
Polystyrene MgCl-
(X 1000 (X 1000 
Graaa/Liter) Molarity)
Final Compartment Cell Constant 
Cone* Differences X Tint
Polystyrene MfCl* X 10"^ Sec./C*.2 
(X 1000 (X 1000 
Graaa/Liter) Molarity)
0 -1.710 -5.77 - 1 . 0 9 1 1.722
0 .1.517 -4.16 - 1 . 1 3 8 1.722
0 .1.51* -3.59 -0.970 2.221
0 .1.400 -1.85 -1.021 1.722
0 -1.400 -2.47 -1.066 1.722
0 _ 1,4 46 -3.45 -1.010 2.221
0 -1 . 362 -2.89 -1.091 1.722
0 -0.749 -2.25 —0 .6 0 0 2.099
o -0.570 -1.27 - 0 . 5 9 7 2.719
Q -0.525 -2.78 - 0 . 6 9 1 2.099
0 -0 ,9 i0 -2.11 -0.769 2.099
- 0 . 9 1 0 -0 99 -0.63*1 2.714
0 - u.870 -2.44 -0.691 2.099
0 -0.779 -2 . j l -J.567 2**14
0 -0.593 -2. |1 -0.567 2.714
0 -0-974 -3.67 -0.660 2.099
0 -0.996 -3.26 -0.668 1.939
0 -0.873 -J.22 -0.620 1.714
'w -0.9*4 -2.86 -0.63H 2. 146
0 -0.883 -2.45 -0.680 1.962
0 -0.8J8 -1.87 -0.576 2.629
0 -0.870 -2.95 -0.66J 1.976
0 0.955 2.46 0.81.3 1.447
0 0.975 1 *95 0.820 1.297
0 0.9*3 2, >5 j . i n 1. J86
0 0.977 1.44 0.807 1 * *95
0 0.937 2.J1 0 .76 ! . 566
0 0.9*7 2.05 0.796 1.617
0 0.999 2.25 0.800 1.591
0 0.9*5 2.05 0.806 1.674
0 0.997 2.25 0.819 1.511
0 0.993 2.05 0.89o 1.512
16
'III Continued.
Initial Compartrae Pinal Compartment Cell Constant
Cone. Difference "no. Differences X Tiae
Polystyrene MgC, Hystyrene MgCl- X 10-“ See.
(X 1000 (X 10 % 1000 (X 1000
Grams/Liter) Molar ims/Liter) Molarity)
0 1.011 2.15 0.771 1.560
0 1.011 3.28 0.812 1.673
0 n.M9Q 1.95 0.341 2.667
0 0.472 K95 0.380 2.089
0 0. 481 2.15 0.409 1.971
J o.uao 2. J6 0.368 2.207
0 0^90 1.54 0.388 1.930
0 0.504 1.74 0.350 2.298
0 0.565 1.33 0.390 2.396
0 0. #46 1.23 0.367 2.276
0 0. #50 2.25 0.351 2.388
1.06 ;j . 520 2.29 0. 363 1.395
1.06 0.525 2.70 0.380 2.561
1.06 0.497 1.91 0.346 1.886
0 -0.453 -1.27 -0.231 2.862
0 -0.444 1.55 -0.259 3.701
0 -0.461 1.26 -0.346 2.862
0 -0.450 -1.55 -0.31? 2.862
0 -0.501 -0.98 -0.31? 3.701
0 -0.450 -2.26 -0.317 2.862
0 -0.473 -1.00 -0.317 2.862
0 -0.493 -0.46 -0.216 5.701
0 -0.460 -3.62 -0.300 862
0 -0.J41 -2.02 -0.274 2.862
0 -0.410 -1.85 -0.274 3.701
0 -0.466 -1.05 -0.288 2.862
0 -0.400 -2.42 -0.288 2.691
0 -0.431 -4.J7 -0.288 3.585
0 -0.470 -3.01 -0.288 2.728
??
?
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
??
?
?
?
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?
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?
?
?
?
??
?
?
?
?
??
??
??
??
?
??
???
???
??
???
???
??
??
???
???
??
??
?
?
?
?
?
?
? ?? ?
?
??
?????? ???? ??????????
?? ?? ?? ? ? ???????????? ?????? ???????????? ????? ????????
?????? ???????????? ?????? ???????????? ?? ????
Polyatyrana?
(X 1000?
O raaa /U ta r)
MfCX.
(X 1000?
M o larity )
Polyatyrana?
(X 1000?
Q raaa/L itar)
MtCl, X?
(X 1060
M olarity)
lO"* 3 .0.,
0 -1.293 -1.0? -0.986 1.680
0 -1.396 -0 .10 -1.102 1.672
0 -1.313 -2 .06 -1.160 1.690
0 •  1.656 -2 .96 -1.160 1.339
0 -1.621 -2 .60 -1.160 1.672
0 •1.256 -1 .62 -0.861 1.720
0 -1.637 -6 .19 -0.986 1.6330 -1.513 -1 .6J •0.928 1.772
0 0.937 2.76 0.677 1.979
0 0.989 1*6? 0.767 2.289
0 1.015 0.55 0.720 2.168
0 0.966 1*29 0.688 2.103
0 1.020 2.19 0.693 1.938
0 0.982 2.21 0.702 2.605
0 0.966 3* J1 0.588 2.268
0 0.968 2.21 0.688 2.16J
0 1.017 2.21 0.765 2.088
c -0.965 -0*60 -0.506 2 .3 t0
? -0.918 0.20 -0.533 2.609
? -0 .965 -0 .60 -0.518 2.610
0 -0.853 0 .|0 •0.632 2.872
0 -0.906 0.90 -0.505 2.686
0 -0.967 -0.11 -0.516 2.266
0 -0.927 -0*50 -0*506 1.962
0 •0.908 -1 .60 •0.562 2.132
0 •1.081 0 -0.725 2.266
0 -0.960 -2 .26 -0.612 2.061
0 -1.056 -1 .60 -0.661 2.011
0 -0.915 -1*11 •0.609 1.861
0 •0.965 -1 .15 •0.696 1.625
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APPENDIX FIVE
Table Xi Diaphraga Cell Raw Data for the Syetea 0,045 Graae Per
Liter 0.198 Micron Polyatyrene-letter with the Teaperature 
of the Lower Compartment at 40°C and the Teaperature of 
the Higher Coapartaent at 3G<£«
Initial Coapartaent Final Coapartaent Cell Constant
Cone. Differences Cone. Differenoea x Tlae
Polystyrene 
Oc 1000
Grams/Liter)
Polya tyrene
(X 1000
Green/Liter)
x 10*5 See./Cn
0 3.2015 1.8798
0 5.1088 2.2038
0 1.7188 2.0379
0 1.1921 2.3779
0 0.2206 1.9859
0 1.9211 2.9031
0 0.2651 2.1865
0 5.1523 2.5095
0 -0.3092 1.6622
0 0.7297 1.9329
0 1.0116 1.7197
0 2.2670 2.0677
0 2.3619 2.0400
0 0.1103 2.607?
0 1.0819 2.0289
0 0.1108 2.1899
0 3.1772 2.3779
0 0.2128 1.9550
0 0.6175 2.0757
0 0.5526 2.3788
0 0.1117 2.0116
0 -0.6101 2.1590
0 1.1038 2.0762
0 0.5296 2.3788
0 2.1152 1.7127
0 0.6187 1.5713
0 0.1126 1.8313
0 3.1819 2.1313
0 5.3707 3.1670
0 3.6700 1.7863
0 0.6633 2.1096
0 0.8816 2.2763
=f-' .!
iiii 3  S t V
40
11
Table XI: Diaphragm Cell Raw Data for the System 0.015 Grama Per
Liter 0.198 Micron Polystyrene Average Conoentratlon at 
a Constant Temperature of 30°C,
Initial Compartment Final Compartment Cell Constant
Cone. Differences Cone. Differences x T1m
Polystyrene Polystyrene x 10"® Seo./Ca'
(X 1000 (X 1000
Grams/Liter) Grams/Li ter)
0 0.8101 2.3748
0 1.2267 2.6706
0 0.6561 2.12a
0 1.5561 2.4655
0 1.5961 2.0395
0 1.7516 2.5638
0 1.8097 2.0116
0 2.5650 2.4570
0 2.0010 2.0116
0 0.0221 2.4168
0 1.6792 1.8947
0 2.1138 2.2078
0 2.0963 2.0904
0 1.0383 2.5562
5.2025 1.0015 0.7377
1.3975 3.8072 0.6318
6.2357 5.7176 0.5807
6.5161 1.0353 0.5837
5.0036 1.6915 0.5033
5.0217 3.8289 0.6010
5.6058 1.8230 0.6316
5.0112 1.2011 0.6902
1.7311 1.3131 0.6551
1.0117 3.8252 0.7754
1.9217 1.3121 0 . 4 U 0
1.6186 3.9150 0.5008
aTable XII* Diaphragm Call Raw Data for tha System 0,09 Qraas Par
Liter 0.198 Micron Polystyrene-Water with the Taaparatura 
of the Lover Compartment at 10°C and the Taaparatura of 
the Higher Compartment at 30®C.
Initial Compartment Final Compartment Call Conatut
Cone. Differences Cone* Differences x T1m
Polystyrene 
(X 1000 
Grans/Li tar)
Polystyrene 
(X 1000 
Grans/Uter)
x 10*5 S*o./C.,
0 0,8717 0.3794
0 0.0000 0.9008
0 0.0132 0.9853
0 0.2910 1.5733
0 0.0179 1.7915
0 0.7027 0.9687
0 0.7009 0.9582
0 6.5181 1.8248
0 2.2817 1.8663
0 2.0207 1.1066
0 0.1581 1.3636
0 0.5701 1.4*79
0 1.3156 1.1752
0 0.8510 1.5592
0 5.3170 1.9033
0 1.7211 1.2568
0 0.7081 1.5130
0 1.6799 1.5029
0 2.6116 1.7015
0 0.9726 1.3888
0 -0.0181 0.9553
0 -0.3167 1.1612
0 -0.0921 1.7640
0 -0.0132 1.0937
0 -2.5672 1.2678
0 -1.0612 1.6313
0 -0.1121 1.3220
43
Table X I I I :  Diaphragm Cell Raw Data for the System 0.09 Grama Fer
Liter 0*198 Micron Polystyrene Average Concentration at 
a Constant Temperature of 30°C,
In it ia l  Compartment Final Compartment Cell Constant
Cone. Differences Cone. Differences x Time
Polystyrene Polystyrene X 10*^ Sec./Ca.2
(X 1000 (X 1000
Grama/Liter) Grame/Liter)
0 1.4543 1.7340
0 •0.3525 2.0302
0 -2.5105 2.0016
0 5.2942 2.2746
0 3.3095 1.9859
0 3.4871 2.2953
0 0.7513 1.6995
0 6.9817 1.8689
0 -1.9419 1.9408
0 2.7749 2.2290
0 0.8374 3.0129
0 1.0581 1.9225
0 1.8487 2.8137
0 0.5273 2.1305
0 2.5949 2.8661
7.2252 3.9032 0.9496
5.3945 3.3639 0.8146
9.3804 7.7900 0.3831
9.2490 6.9080 0.7372
7.8764 6.4510 0.5345
9.1485 9.1397 0.4784
11.4140 9.8089 0.6378
12.4330 10.8267 0.7049
9.8820 9.0536 0.6319
11.0770 9.9885 0.7127
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